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Resolving V,; -SM disagreement,

V,.from 07 — 0" nuclear neutron decay

ACKM = |Vud|2 + |Vu5|2 + |Vub|2 —1

PDG 2020 0.97370(14) 0.2243(8) 3.82(24)x1073
[from nuclear decay
measurements]

—15.8(4.5)
x10~%

3-0 disagreement with the Standard Model

V,ql? = 5099.3(4)s Neutron Decay

’L’n(l - 3931)(1 + RC) See Czarnecki, et al

7). neutron lifetime (UCNT+ )
g 4. neutron axial charge (UCNA+)
RC: radiative corrections (Lattice QCD)

Goal: Reduce uncertainty in Ak from (18) to (5) in neutron decay.
Neutron decay measurement 1s clean and the systematics are independent.
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Improve neutron decay measurements to test CKM unitarity

and expose possible BSM signal.

Neutron decay master formula:
5099.3(4)s

Present experimental status V,ql? = 5

0.9760 m~ Tn(l + 3gA)(1 + RC)
2 S
0.9755 & A h
e O
9 Ve a
0.9750 Q> Q

%
@,

0.9745 Unitarity

Present neutron f-decay
0+-0* uncertainty ellipse

\ Target uncertainty
from neutron f-decay
1.2I73 1.2I74 1.2I75 1.2I76 1.2I77 1.2I78 1.2I79 1.280

|A =9ga/gv|

0.9740 A

|Vud|

0.9735 A

0.9730 A

0.9725 A

0.9720

Current Goal: extract V,, from neutron f-decay with fully
controlled uncertainties at the ~ 2x10~* |evel
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Current best measurement of |V, 4|* = 0.94907(43) comes from superallowed
0" — 0% nuclear transitions
* Pure vector current transitions at tree level
* Beyond tree-level, axial current also contributes and radiative correction
dominate uncertainty
* Different estimates of radiative corrections including nuclear interactions
have significant impact on unitarity test, ie, Acgpy (2—4 0)

V,s from nucleon decay

* Free of nuclear corrections

* Improve free neutron lifetime 7,, (UCNt+) 6T, = 0.35s = 0.1s
94 A

* Improve A === (UCNA+) — =~ 0.1%
gv A

e Radiative corrections with lattice QCD < 20%
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UCN7t =2 UCN7t+

5x improved output
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2016 UCN Source Upgrade:

UCNA - UCNA+
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Upgraded UCN Source
New nEDM experiment




Through 3 key innovations, we can search for BSM physics

beyond the reach of the LHC (>10 TeV)

Active Cleaner

 LANL is pursuing a complete
measurement of V,, using
ultracold neutrons.

« Address the 3-sigma disagreement
between current V,;, and SM value.

UCN guide Trap Door

it

UCNTt+ to imprové on UCNt by 3X

\ . . .
Proton New Lattice QCD calculations will

UCNA+ to improve sensitivity of UCNA by 3% reduce theory uncertainty by 2-3x
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UCN1 — UCN7+ : Elevator Concept for 10X loading increase

Raised to fill

..' ; Dagger

UCN guide "Sj A Trap Door

) it"?‘i".-?;‘

~0.5% loading efficiency ~10X imprO\I/emleI.lt

UCNT: UCN7+:

 World’s best neutron lifetime measurement Develop new UCN loading using elevator

® Only Tn measurement Wlth Systematic to increase trapped UCN by >10X%
correction smaller than uncertainty

 Ultimate reach is statistics limited Upgrade the main UCN detector for this

* Other experiments targeting 0.3sec in 5 yrs higher rate
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UCNA — UCNA+: Improve B-decay asymmetry by 3 X

calibration
Hall probe  ¢5\,rce

array insertion

\ DLC-coated copper
Beta Detectors: : decay volume

scintillator & MWPC

! — W

UCN detector

Polarimetry shutter
Iron Foil

UCN detector w \ .
UCN flow

during polarimetry

UCN detector

UCNA

* World’s only UCN-based neutron B-decay
asymmetry experiment

* Experiment completed and published fully
understood and documented systematic
uncertainties.

* Final uncertainty was limited by
performance of pre-upgrade UCN source.
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spin-flipper

Polarizer-AFP magnet ,"

c |
Switcher '
l|
UCN flow \
during beta decay Proton

Superconducting
Spectrometer (SCS)
1T central field

Neutron Spin

Electron

measurement

UCNA+

» Upgraded UCN source performance
enables 3x better reach

* Incorporate new silicon photomultiplier
plastic scintillator readout

* Develop new precise calibration tools

Competition: Nab and PERC



Lattice QCD: Radiative Corrections (RC) to weak processes

LQCD calculations of radiative corrections
will impact many weak processes

* Box diagram contributes only ~3% to decay rate but dominates uncertainty.
* The integral requires control over all virtual momenta:

low and high

(non-perturbative — lattice QCD) (perturbative — analytical)
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» 4-point function calculated as a function of the separation between

the two space-time points (0,0) and (x,t) at which the currents are
inserted

« Connected and disconnected diagrams

See Xu Feng et al. arXiv:2003.09798 — PRL 124 (2020) 192002
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An opportunity to search for BSM physics

V,s from neutron decay (no systematics due to nuclear corrections) requires
e UCNt — UCN7t+ — Next Gen

e UCNA — UCNA+ — Next Gen
» Radiative Corrections: lattice QCD and effective field theory.

All three efforts are underway at LANL to resolve the V,,— SM discrepancy.

Synergistic calculations

1) yW box diagram for Kaon decay for |V, |
2) Semi leptonic form factors
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